Attributing the term bioindicator to a species complex such as Austropotamobius pallipes is complicated, considering that the meaning given to a bioindicator can vary according to the geographic position, and that A. pallipes species complex has been divided into 2 species and 5 subspecies, the possibility of using A. i. meridionalis as a bioindicator in watercourses of Central Italy was evaluated. To this end, we analysed the structure and abundance of a number of crayfish populations and then compared them to the water quality of the corresponding watercourses, using E.B.I. (Extended Biotic Index). This index provides information on water quality through an analysis of the macrobenthos community. The watercourses are assigned to various classes (from I to V, increasing the degrees of alteration). This study was carried out in several watercourses near Rome. The abundance of crayfish was found to be greatest in those tracts that are assessed as class I, where the populations seem well structured with individuals of various sizes and the sex ratio is approximately 1:1. In contrast, in class II we found a reduced presence of specimens, mostly in bad conditions. No crayfish specimens were observed in watercourses designated as class III. In light of these preliminary results, it does not seem possible to consider A. i. meridionalis as a bioindicator, given that one of the typical characteristics of a biological indicator (wide distribution) is not met. Though these results illustrate the possibility of using A. i. meridionalis populations as an excellent monitoring instrument in Central Italy.
INTRODUCTION
The distribution of the white-clawed freshwater crayfish, Austropotamobius pallipes species complex, covers Western Europe from 56°N in Great Britain to 38°S in Spain, and from 8°W in Ireland to 20°E in Yugoslavia (LAURENT, 1988) . Its distribution seems to be limited primarily by calcium concentration, requiring 2.8 mg/l for calcification of the exoskeleton (CHASEMARTIN, 1967) . Crayfishes are important in trophic dynamics of freshwater, particularly as macrophyte grazers and detrital feeders (MOMOT, 1995; COVICH et al., 1999; SCALICI et al., 2004) .
Since the 1970s, this species has drastically decreased its geographical range, mainly due to a combination of factors including over-fishing, habitat modification, such as pollution (particularly form farm -FOSTER and TURNER, 1993) , habitat destruction (WESTMAN, 1985; HOLDICH and LOWERY, 1988; HOLDICH et al., 1999) , engineering works (LOWERY and HOGGER, 1986) , river canalisation (HOGGER and LOWERY, 1982) , introduction of alien crayfishes (GHERARDI and HOLDICH, 1999) and crayfish plague (ALDERMANN and POLGASE, 1988) . A. pallipes is listed as an endangered species by the IUCN (GROOMBRIDGE, 1993) , in Appendix III of the Bern Convention and in Annex II and V of the Directive 92/43/ECC. (GRANDJEAN et al., 1998; GRANDJEAN et al., 2000b; LARGIARDER et al., 2000) . This species was recently divided in two taxa, Austropotamobius pallipes, with only the nominal subspecies, and A. italicus with four subspecies: italicus, carsicus, carinthiacus and meridionalis (GRANDJEAN et al., 2002a-b; FRATINI et al., 2005) . Following this scheme, it is necessary to include A. italicus in the Invertebrate Red Data Book as a species distinct from A. pallipes. Actually, in Latium, the species is preserved by the regional law n° 88/18, which forbids catch, transport and sale.
Several authors have analysed the systematics of the A. pallipes species complex
A. italicus is the unique autochthonous species in Central Italy. Especially in Latium, it shows a fragmented distribution, with very isolated freshwater crayfish stocks (SCALICI, 2004) . A. italicus lives in cold and oligotrophic lotic waters with a high concentration of dissolved oxygen. For its ecological characteristics, the white-clawed crayfish has been described as sensitive to pollution and thus considered as a potential water quality bioindicator (HOLDICH and REEVE, 1991; REYNOLDS et al., 2002) . Despite the progressive worsening of water quality, there are still suitable conditions in Latium to study the white-clawed freshwater crayfish. Information on the quality of all watercourses in this region is not available, but it is generally considered to be low (MANCINI and ARCÁ, 2000) due to increasing eutrophication.
The aim of this study is to describe the ecological requirements (water quality) of A. italicus, in Central Italy, in order to explain its current restricted and fragmented distribution. From July 2003 to April 2004, a survey was conducted to assess the status of the freshwater crayfish stocks in Latium and to evaluate water quality.
MATERIAL AND METHODS

Study area
This research was carried out in different watercourses of the Lucretili, Simbruini, Carseolani, and Sabini Mountains, located between the Provinces of Rome and Rieti and belonging to the Tiber River basin (Figure 1 ). The study area ranges from 42°20'N to 42°S and from 12°40'W to 13°10'E and it is located on the carbonate platform of Latium and Abruzzi. The altitude of the monitored watercourses ranged from a minimum of 452 m a. s.l. (River Duranna) to a maximum of 640 m a.s.l. (River Ariana). Using the systematic proposed by FRATINI et al. (2005) , Austropotamobius italicus meridionalis is the endemic subspecies present (unpublished data) within the study area. 
Sampling procedure
The research was carried out in July and October 2003, and January and April 2004. Each month the sampling phase lasted 14 days, the minimal time necessary to investigate all sites. Each site was sampled four times. Every site ranged from 150 to 180 m in length. The average width and depth as well as the presence of aquatic and riparian vegetation were recorded and observed for every site. Moreover, physicochemical characteristics were measured, including temperature, pH, conductivity and oxygen concentration, using a digital meter with appropriate probes for immersion (Multiline F/SET-3), and ammonium, nitrites, nitrates, total phosphate concentration and total hardness were recorded using a spectrophotometer (Photometer MPM 3000). Subsequently, macrobenthos collections were carried out using a standard hand net, with a 25 × 19 cm rectangular chassis supporting a 0.4 × 0.5 mm mesh net. At the end of the net, a plastic cylinder collected the macrobenthos organisms. The standard hand net was positioned with its open end against the stream current, and the outer rim on the bottom; stones were moved with hands or by kicking. This procedure was carried out along a diagonal transect from the left to the right side of the watercourse. Three invertebrate samples were collected for each site. All invertebrates were preserved in 70% alcohol and identified in the laboratory using a macroinvertebrates guide (CAMPAIOLI et al., 1994 (CAMPAIOLI et al., , 1998 . Thus, the E.B.I. (Extended Biotic Index) was calculated in order to attribute a water quality value to the monitored watercourses. It is the unique legal biotic index in Italy according to the national norms concerning preservation of the inland water by pollution (D.L. 99/152). By applying the E.B.I., it is possible to obtain values varying from 1 to 15. The watercourses are assigned to various classes (from I to V, increasing degrees of alteration - Table I ). Subsequent to the macroinvertebrate sampling, white-clawed freshwater crayfish were caught, sexed, weighed (to the nearest 0.01 g) and post-orbital length (POL, from the posterior orbital edge to the posterior dorsal extremity of the cephalothorax -according to GRANDJEAN et al., 1997) was measured to the nearest 0.05 mm using an eyepiece micrometer. Crayfish sampling was done during the twilight, and each watercourse was monitored two times: once upstream, and once downstream. CPUE (catch per unit effort) and the relative abundance of crayfish were described. CPUE represented the total number of crayfish caught divided by the time spent sampling (according to DEMERS and REYNOLDS, 2002) , which lasted a standard of 100-120 minutes. Instead, the relative abundance was obtained calculating the biomass according to the following formula:
where A is the weighted average of the total weight of the samplings, W h represents the portion of the monitored area (measured in m 2 ) where freshwater crayfish occurred divided by the total area of the investigated tract and B h is the average of the total weight measured in each site (SPEDICATO and CANNAS, 2000) .
RESULTS
Habitat features
During the research period, the values of chemical and physical parameters had the same range and similar trends in different sites. Average values are shown in Table II. pH (7-8) and total hardness (72-84 mg/l) values were constant in each site while NO 3 -and total phosphate were the more variable parameters. Oligochaeta Haplotaxidae -5 6 1 -3 2 4 -4 9 -4 -12 14 ----Lumbricidae 4 5 10 -31 9 2 3 5 -31 8 7 24 26 3 2 -8 -Tubificidae --4 14 -5 3 9 -2 3 -3 -34 19 7 29 32 56 Coleoptera Dryopidae -3 4 -4 17 12 7 8 2 5 -5 -12 3 --8 1 Dytiscidae 4 --5 3 -12 --2 7 3 -9 -7 6 15 --Elminthidae 56 4 34 5 -12 -9 6 4 26 4 6 8 14 1 -15 -12 Girinidae 2 2 4 8 4 -4 6 4 2 7 2 6 10 -1 12 --6 Hemiptera Hydrometridae -3 4 2 --5 -3 -3 6 -7 -2 -4 --Notonectidae --10 -9 --7 4 4 2 -4 -3 1 --1 1
Megaloptera
Sialidae Sialis 4 --6 ---7 --9 -1 --4 ---- I  I  I  I  I  I  I  I  I  I  I  II II II II II III III III Most sites had a substrate of rocks and some had a mix of sand and rocks. All sites offered suitable shelter for crayfish. In every watercourse, the riparian vegetation showed the typical arboreous and herbaceous species (Populus spp., Salix spp., Pedasytes hybrida, Veronica beccabunga, etc.). Invasive species, Rubus ulmifolius and Urtica dioica, occurred abundantly in deteriorated habitat (Aniene, Turano, Salto and Licenza River). Moreover, bryophytes occurred in environments that showed either no or moderate degrees of pollution, while these species were absent in more polluted sites. Table III shows the invertebrate communities observed in each site, and in particular, the number of specimens per every taxon. Moreover, the last line shows the quality class values of the Extended Biotic Index.
Mollusca
Macrobenthos community
Freshwater crayfish populations
A total of 20 sites were monitored. Crayfish occurred in 17 sites and in at least 10 of these some individuals were caught in every sampling session. The total number of crayfish and the sex ratio (female number divided by total caught specimens) of each population are shown in Table IV. Size-frequency distributions for each crayfish populations are shown in Figure 2 ; the length-frequency diagrams were represented using the total number of crayfishes caught during the four sampling sessions (in ordinate axis) and the post-orbital length values, in 1mm intervals (in abscissa axis). Table V presents catch per unit effort (number of individuals caught divided by the time spent sampling) and the weighted average of the biomass for every site. These results demonstrate the differences in CPUE and relative abundance between sites inserted in different water quality classes. 
DISCUSSION AND CONCLUSION
These preliminary results show that the presence of white-clawed freshwater crayfish is not necessarily limited to watercourses with good environmental integrity, though they seem to be absent from polluted or deteriorated rivers. However, the presence/absence of a species does not provide all the information necessary to understand the environmental stress grade of a watercourse. The population structure of A. italicus can offer more detailed information on the environmental status and water quality.
During the research period, well-structured populations were found in watercourses that fall within class I of E.B.I., with the exception of Fosso delle Chiuse (class I), Fiume Farfa (class I) and Rio Secco (class II). In Fiume Farfa, the white-clawed crayfish is presumed not to have historically occurred, probably due to a lack of shelter, although one specimen was captured in July 2003. Fosso delle Chiuse revealed a population with a different structure compared to other crayfish populations with a class I E.B.I. designation, probably due to over-exploitation by local poachers. The white-clawed crayfish does not seem to find favourable environmental conditions in rivers that come within the second or third class of the Extended Biotic Index.
Nonetheless, it is possible to find them in these watercourses probably due to dispersal from more favourable upstream habitats. Rio Secco (class II), with moderate symptoms of deterioration, reveals a relatively good structured population, probably due Where the species historically occurs and tolerates extreme oxygen conditions, the white-clawed crayfish can be used as a "regional" bioindicator in combination with more broadly applicable assessment tools.
Illegal fishing affects several rivers in Latium, as it is reflected in the low number of large-sized crayfish. Poaching and bad exploitation of freshwater reduce the carrying capacity of the crayfish populations that live exclusively in very sensitive environments near the river source. White-clawed crayfish are well adapted to habitat conditions of these river tracts, which are affected by the arid Mediterranean climate. Indeed, unlike other geographic regions (REYNOLDS, 1979 (REYNOLDS, , 1982 LAURENT, 1988; ANTÓN et al., 2000; RALLO and GARCÍA-ARBERAS, 2000) , in Central Italy A. italicus does not live in lentic waters, though it is possible to observe some freshwater crayfish populations in small glacial lakes over 1 100 m a.s.l. The low genetic variability of these populations in this region (SANTUCCI et al., 1997) makes A. italicus more vulnerable and threatened.
For this reason, A. italicus should be included in monitoring projects, for its own preservation, but also because crayfish are very important in the trophic dynamics of freshwater environments and therefore act as a monitoring instrument for the management of freshwater communities. Given that one of the characteristics proper of bioindicators, i.e. wide distribution (FÜREDER and REYNOLDS, 2003) , is not fulfilled, it is not possible to consider A. italicus meridionalis as a biological indicator. Its presence depends on biological, historical and human factors (BARBARESI and GHERARDI, 1997; ENGLUND and KLUPA, 2000; RALLO and GARCIA-ARBERAS, 2002; FUREDER et al., 2003) that constitute disadvantages in using this species as a bioindicator.
In Italy, the preliminary results of this research provide preliminary data concerning the relation between water quality and the status of crayfish populations. In Europe, many researchers consider A. italicus to be a sensitive species to pollutant substances and rapid changes of environmental conditions. However, a number of studies suggest that A. italicus can live in brooks with sub-optimal water quality. GRANDJEAN et al. (2000a GRANDJEAN et al. ( , 2001 and BROQUET et al. (2002) had already demonstrated this phenomenon in France, and DEMERS and REYNOLDS (2002) in Ireland. Crayfish are necessarily dependent on specific features of the aquatic ecosystem. Habitat heterogeneity, water quality and lack of pollutants have been shown to enhance the survival of indigenous crayfish GRANDEJEAN et al., 2003; TROUILHE et al., 2003) . However, differently from what observed in this research, there are also examples showing the presence of crayfish in environmental conditions ranging from natural to degraded levels (DEMERS et al., 2003; .
In a conservation fauna management context, animal species can be used as surrogate species (CARO and O'DOHERTY, 1999) to indicate various types of anthropogenic impacts, to track population changes of other species, to locate areas of high diversity, or to act as umbrella or flagship species. Due to its features and peculiarities, freshwater crayfish can be considered a good example of surrogate species . Crayfish can act as umbrella or flagship species while their value as bioindicator is still debated, probably due to the lack of knowledge of combined factors responsible for their occurrence and for their population structure (FÜREDER and REYNOLDS, 2003) .
Based on its ecological characteristics, freshwater crayfish can be used to monitor the lotic water quality in some regions and to integrate other more laborious and intensive tools, useful to understand and to predict environmental changes. In this context, the use of A. italicus meridionalis for the assessment of the environmental quality should be completed with other biotic indices or other managing instruments. The management of crayfish resources requires the preservation of both this species and the inland water habitat where they are found. Conservation projects are to be applied following the actual national and regional laws and their improvements.
